
UNCLASSIFIED

AD NUMBER

AD843443

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors; Foreign
Government Information; 30 JUN 1968. Other
requests shall be referred to Department
of the Army, Fort Detrick, MD 21701.

AUTHORITY

SMUFD D/A ltr, 15 Feb 1972

THIS PAGE IS UNCLASSIFIED



TRAINSLATION NO.3/6

IIATE.Y ,'9"V
fI

DDC AVAILABILITY NOTICE

Reproduction of this publication in whole or in part
is prohibited. However, DDC is authorized to

7eproduce the publication for United States
Government purpores,.

DDC "

NOV21 196
Thi doCSTATEMEnt #2

cont toNPCL4SFEFOI .int -s subjectz t-- .
S or hWttl to

TTegn Met . Spectl meI*ort Wnpf r -i itfomnl.- .ortlg,
Fo er t c p ri o _ P ro ve l o f D e r c - fty be Mad e
rlD Fr ArTTN S Techm te: Of Army

KI Rrvi. Cal' Release. B *reder k,' 21701 r nch

DEPARTMNT OF THE ARMY
Fort Detrick

Frederick, Maryland



THE DIAGNOSIS OF 1.OUSE POX (ZCTROMELIA)

BY MEANS OF AGAR--GEL SOLUTION

Arch. u-s. Virusforsch. karian Hozinek*
(Virus ..,earch Journal)
Vol. 17, 1965
Pages 264-272

Mouse pox virus infection is Casiy recognizeable when the
classical syndrome which leads to the characteristic form of ectro-
melia is present (I). However, this pathognostic picture of the
cutaneous lesion and spontaneous amputation is not always indicative.
Laboratory methods, which either show the virus or its antibody,
must be used for the diagnosis of the acutely lethal as well as the
inapparent infe;tion.

Isoiation of the virus 'in the mouse, in embryon, chicken eggs
or in tissue culture requires 2 to 4 cuys and can only oe demonstrated
in combination with a neutralization tvst. Briody (2) introduced the
rapid diagnostic method of demonstrating the antibody in serum of in-
fected mice which inhibits hemag:h tination. This is, however, also
usable after standardization for a microtitration system (3)_

Tne agar-gel precipitation method of Ouchterlony (4) is gener-
ally the simplest serologic technique for the diagnosis of severai
animal viral infections (5, 6, reviewed in 7); studies on viruses of
the pox group have also been reported (8,9).

In these experiments we demonstrate the antibody as well as the
antigen in mice experimentally infecteG with ectromelia using the
precipitation reaction.

*,'ith the aid of the German Society of Research, Bad Godesberg,
and in collaboration with the Central Institute for Experimental
Animal Breeding, Hanover (Dr. A. Spiegel, Director).



Mater61 . and :.:'i'ocds

VWrus: The neurovaccine strain LVodvzcCti and the ectromelia
strain E;berfeld were used as ngens as well as the Mannheim,
Freiburg and Munich strains isolated from embedded materials. Accord-
ing to the technique of 1'estwooo et al., inoculated chicken eggs,
preincubatea for 10 days, were o.pened after, 72 hours, the generalized
chorioallantois membranes (CAM) wore hcrvestod and washed in isotonic
sodium chloride solution (10). They were diluted 1:2 (wet weight:
volume) with this solution and homogenized (Ultra-Turrax, Jahnke and
Kunkel Company). After centrifugation (OCOg, 15 min) the super-
natent was taken as antigen.

Antiserum: We used the s;re .,ouse ectronelia hyperimmune serum
as for innibiting the hemagglu t .'nation reaction (3).

Agar-Sel precipitation: According to Crowle's procedure (II)
purified 6gar (Difco Special Agar Nobie) was placed in desalinated
water in a 2, suspension and dissolvec by heating in a water bath.
For better adhesion of the agar-gel to the slides, the latter were
prepared by taking each through a 0.51 agar solution in desalinated
water and drying in a warming cabinet.

Sodium chloride was dissolved in phosphate buffer (ionic
strength 0.15, pH 7.4) in an amount which corresponded to twice that
required for isotonisity (l.6g/I000 r*). The solution was heated to
370 C, mixed in equal portions with the ogar solution and poured
immediately. Agents which inhibit germination were not added.

3.0 ml of the agar medium was pipetted onto the prepared slides.

in previous experiments we had do.ermined the most favorable
bore dicz-eter and preparation, reaction temperature and Time per
optimal read-out.

Holes of 3 mm. diameter, 5 mm. apart, were punched out in the
pattern of an equilateral triangle. 'We transferred the liquid re-
agents with a glass capillary, organ pieces being packed in as densely
as possible.

The reactions were recorded photographically. The gel was re-
moved from the slide with a 1% glycerine solution, transferred with
a buffered sodium chloride solution to a flat petri dish and used as
the negative in an enlarger.
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Exporimen;-,

I. Demonstration of prec; ittng antibodies

G.spen's (9) studies t.o-'cd t. ectromel ia antigen cou'd be
precipitated by voccine antiserun usin Oudin's agar-gel technique (12).
According to these results we cc:jld c>:,.cc- tihat sera of pox-sick mice
would also precipitate ectrorclia- or vuccine-antigen. For the pur-
pose of finding a simple idagnostic r-thc we studied various antigens
using Ouchterloiy's technique (4).

a) Test antigens from infected fetal membranes:

Both the vaccine and the ectro.:elia-antigen gave a precipitation
against ectromelia antiserum from mice. A band formed after 24 hours
which was followed by another in the vecc;nc-antigen after 48 hours
near the *erum spot.

CAM-antigens are also zuiiable for denonstration of the anti-
bodies in infected mice. in order to confirm the specificity of the
reaction an empty serum was put on one side of the 'patients'" serum
and an antiserum on the other side. Sma: amounts of antibody, not
demonstrable alone, arose as a continuation of the bands towards the
antiserum, a phenomenon which has been described as a strengihening
or "recruiting" effect (5,20).

I . i i

Figure 1. Demonstration of precipitating ectromelia antigens in organ
material, liver (abovo), spleen (blow). Black circles:
mouse ectromelia antiscrum.
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Table 1. Demonstration of precipitatin; antibodies in the sera of
mice orally infected u-ih octronalia

I

Tag. post Inecionem V Lru.d L d ..
I0' Ilot to * 0 L .- "Inhq-Iten7

5, ± (0)"
7 (0)

10 4 l;)
11 .r(320)
12 +(320)
20 + (320)
25 + (180) 4
30 + '160).
32 + (160)
5 0 + (40)
90. + (SO)i

95 + (320)

+ gel turbidity *+ + precipitation bsnds
): reciprocal liter of homa-glutination inhibition

[Legond]: a) Days after infection; b) virus dose;
c) D5 0-unlts.

Table 2. Demonstration of precipitating antibodes, after intra-
peritoneal challene-infection with 100 LD 50-units of
ectromelia virus

@Ora EktrosnelieWintziertefoutVi cnpoMa.31AUSOe  wt -ch wit CVkl e u Imiapne MAUSO

'' Aus~iaugswerte ]1lus.,tunlg 0 A ag et

-€..". (f) ________ ±(flj" -(0) -(0)

+ (160)t 4 . + (80)

+ (320) 1+30t 9 i+ (320)

* - no precipitation + ± gel turbidity
t + precipitation bands
( ): reciprocal liter of hcmajglutination-inhibition

(Legend]: a) mice orally infected with ectromelia;
b) initial values; c) days after loading; d) mice
inoculated with vaccine virus; o) initial values.
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Test antigens from inf.ect. : mce: The livers and spleens from
mice which had died from an ectr;oi. iniection were tested against
rectrorciia antiserum. The majority o- orgens showed precipitation
which occurred in several (max>-cA six) discern;ble bands (Figure V,.
in the foiloa;ng we focused ettcnyion on the organ-antigens, running
blanks end ,nliserum in all TC'.s as corTros.

b) Demonstration in serum:

For clarification of the question wetjher precipitating anti-
bodies are demonstrable, mice (N:.l-femae, 18 to 22 g) were infected
with; ecTromelia virus in doses betweer. 10i Lnd 106 LD5Q-units via the
intraperitoneal (i.p.), intraplantar (I.pl.) and oral route. in no

case could antibodies be demonstrated with certainty before the 10th
post-infection day (d.p.i.).

Table I shows the results of studies on orally infected groups.

-.n mice which were apparently not infected orally (13) are

loaded vilh 106 LD50-units of cctromolia virus intraperitoneally,
precipitating antibodies become apparent on 4 d.p.i. The same re-
duction in the interval was observed when animals which had not been
protectively inoculated were infected with vaccine virus (14)
(Table 2).

II. Evidence of Precipitziting Antigens

The regularity with which prec;pitating antigens were demonstr-
able in the livers and spleens of mice which had succumbed to ectro-
melia led us to assume that this should also hold true for other
organs. Therefore, we systematicully studied parts of the digestive
and urogenital tracts, the endocrine and reticulo-endothellal system
as well as heart, lungs, brain, serum and when indicated the cutaneous
lesion in agar-gel precipitation. The mode of infection and doses were
chosen so that the disedse occurred in the three main forms: the
acute - after i.p. infection-, the classic, chronic - after i.pl.
infection - and the inapparent - after oral infection.

a) Demonstration in organs of dead animals:

As is apparent from Table 3, precipitating antigen was demon-
strable in the majority of organs studied. %Ye routinely found
soluble antigen in organs of the reticulo-endothelial system, after
i.p. as well as after oral infection of mice. Precipitating antigens
were demonstrable almost as frequently in the small and large intestine
and in the kidney and bladder. Skin tests in the region of the
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Table 3. D-iocstratnn "c .... s in c.- I3 O LiCe
infected 't . .

a) intraperatoneie I nf'lt,.h I

-~4- -%-- t-±--+-

- +--I- + -+- +

-, -+ + - -- -, [ + -+ + +- + + +,

•--+ + - ---+ + -

-- + -- + 10 -- - - - -

b) intraplantaro Ilfe L1o1

+ 4 - -t- -rw -t - -r - 6

+- 7

-- -- .-€ 10

r) orale fnfekLion
+ m -+ + +- + -+ -- '
+ , - + - ++ +

- r 22~ -T - -.-+ + + .5 - -, -r + + +

-- --- + -, +- - - 32 -- ,e -r -r + -r - + -+ -

+ r +36 + - + + + -

Lymph I: Axillary and poplitoal space lymph nodes
lymph iI: Esophagcal, cranial, caudal, superficial neck

lymph rcdos
Lymph III: Inguinal, iliac ar ;.csonteric lymph nodes

* - no precipitation + col turbidity+** + precipitation bands

t The tim, es givGn refer to the deaths collectively
after oral ird.ection of irdividual animals with
small doses of virs.

[Logcnd]: a) intraperitonoal infection; b) intra-
plantar infection; c) oral infection; 2) small
intestine; 2) kidneys; 3) skin (plantar); 4) liver,
5) spleen; 6) lunzs; 7) pcncreas; 8) brain;
9) heart; 10) stomach, 11) colon; 12) bladder;
13) ovary; 14) adrer.I.; 15) bone marrow.
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Table 4. Dcoonstration of procipit1bic -.ntigor.s in mice infected
with ectromolia and thcn rarificcd

- ' nll

a) intmraperitoneale Infektion

+000--- + + -+ 3
+ + -+ + + -+-I 4 +(0)
+ ++ ++ - + -I +(0)
+ + + +- 6 +-- ---- -+ +(0)
+ + + +-- - -- - -- +(0)
- + - + - -- -- 4---+O
+ + -+ -- + ... ++O++ +

- - + +- -' --- +++

b) intraplantare Infektiou
._+ + + + --- 4

+ - - --

_ -+.+ ---- 6

+ + ++ ++-- s

+ -+ + ++-- -+,I +(40)
-4- + - -- + -- - -- 1

-- - + -- 11

c) orale Infektion,
- - -± +--- - t
+ -+ + -- -- I +(40)

- A-1+ --

+ 16 - -+- - - - - -- ± +tO)
+ - + - - 17 -t- - - - -

+ + -+ + -20 + - + +- - ± + + -
+ -- + ++-.. 25 ++ +- + +- + + +

( ):, reciprocal titer of hcmagglutination inhibition

[For Lerend see table 3.J
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primary effect reguiarly gave a positive readtion only after i.p.
infection. Brain tissue always gave a negative finding as did lung,
heart and stomach.

b) Demonstration in orq2ns o. sacrificed animals:

The precipitation results are comparable with those obtained in
organs of succumbed animals. Tie results obtained in orally infected
animals are an exception (Table 4).

c) Denons-irtion in scrum:

Serum drawn between 4 and "3 d.p., after i.p. infection routinely
precipitates antigens with a simultaneous negative hemagglutination
inhibiting'reaction. (Table 4)

Discu:;sion

-e have been able to routinely demonstrate precipitable proteins
which occur during ectromelia infection in the rnouse, using the agar-
gel technique. Nicoli and Jolibois recent:y defined the soluble
antigens of the pox virus as proteins which could not be sedimented by
ultracentrifugation but could be diffused through agar-gel (15). Mayr
listed several characteristics which are common to all the pox-S-
antigens which he studied; they are not infections, not immunogen, but
effective antigens, relatively stable against environmental influences
and give a virus specific comp:Qment finding and precipitation reac-
tion (16). S-antigen is aiways found at the site of virus prolifera-
tion; it increases there together with the hemagglutinin and the
infectiousness. Metcalf and Maitland and Tobin were able to show with
the vaccine virus that S-antigens are demonstrable before the mature
virus particles and that they are incorporated into the latter (17,18).
According to the observations of Downie et al. they only occur in
blood in variola infection when the virus proliferation during incuba-
tion has been especially intensive (19).

S-antigen was studied in ectromelia virus using the complement
binding reaction, and also with ?gar-gel diffusion according to Oudin's
technique (16,9).

vle attempted to apply t. e simpie gel precipitation mothod of

Ouchterlony to the diagnosis of ectromelia. At first we used the
CAM-antigen, subsequently using organs infected with ectromelia and
later turning to succumbed mice.

Precipitating antibodies could routinely be demonstrated in the
serum of infected animals from I d.p.i., but after oral infection
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On jy ~ oc C-.t: iil so sri!alH that the 'nfec-
t n 0 L. c m:, <1 i! in~ Cocz acreeinent with di-..ra for

C 1 i ken' :x cher vriG C, Lcasc:z a-. (5), the Blue-Tongue
virus (2,_'-S~t;. c:~&xrno were z;Aready
formec after in t~ in .n.;.. c-rreiia
virus(4)

The chief area of a c.%o.- ;he procedure for dia~r osis,
howvever, :7us-. be T-he ant'.Zcn cc:sr'r.As we were able i-0
show, K7ver and spleen, irntestri, k'c-noy -id, under certain condi-
tiofls, tae cut4aneous :esion con-.-If -c! rccipi'lating antigens for a
long tir.io-S-3n. in addition, :7 can ac found in the serum of infected
mice ~c.~4 ana 9 d.p.i. (Tbe4). Af tar intraperitonoal infection
the pznT, skin zand the lungs ccntLn.- S-antigen only when the animals
succurb 6 lb-o 7 d.p.i. (or 8, afi-er or-. infection). S-antigen is not
founid in brain.

According o Fenner, tho ztron~c form of the natural d'. ease is
imitated soonest by an intrapa.-,*-r .fecton (21). Betoween 3 and A
d.p.i. an .intensive viral prol;fcration occurs in liver and s-,;ean.
Vie also find precipitating anltg;ens In tha1so organs at t-his s%:je. it
is interesting tha-t this was Gc7:onstrabec :n the intestine bei-;een the
7 and 9 d.p.i., which is the ;ntSi:rval in which the infection is
norimally visible ciinicaily. The intestines of sL'ccumbed mice almost
blways contain S-antigcn.

Along wi- -nc results of our studies on the ordl inappairent
infection and tczc isoiat-on and content of virus in intestine (13),
we should likc 7oa point out wit:h our p~recipiltation findings tnle signi-
ficance of -ha C,2F-ro-irntestina! tracrc for the pathogenesis of mouse
pox which i4,s :on- been underestimated (2,22). The schema prcsented
by Fenner sn.o;ld be extended to include the fact that the virus, after
the secondary viremia (6 d.p.i.), is extracted, proliferates and -lorms
a focal lesion not'- only in the skin but also in the intestine. Thle
would be further explanation for Che finding that after i.p. 6nd :.pi.
infect~on of mice with sm'all Coses of virus dn inapparent "intestinal-
carriers' condition can result whch possibly stimulates excretion via
the gastro-intestinal tract (23).

,he agar diffusion, -cnque of Guch~acrlony allows the cumon-
stratio, of precipitating antibodies in -:.!c from the tenth day onward
after 'nfection with ectroaiciia virus. 3,2 T-he other hand precipitat-
ing antigen could regu~arly be dorrons-trd-.cc in organs of succumibed
animals. The Ouchterlony technique is 7herefore suitable for routine
diagnosis of mouse-pox.
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